We report on the first observation of spatial solitons in a 2D nonlinear photonic crystal. The experiments were performed in an hexagonally poled LiNbO 3 waveguide designed for second harmonic generation from ~1.55 mm.
Introduction
Ten years ago, the first experiments carried out in LiNbO 3 [1] confirmed predictions on spatial optical soliton formation associated to non-resonant quadratic interactions [2] , opening up a whole new range of possibilities in soliton science and applications. Since then, advances in the fabrication of 1D Quasi-Phase-Matching (QPM) gratings and low-loss waveguides have minimized the thresholds and made available novel engineered geometries for soliton observation in quadratic media. [3] A completely new scenario for solitary wave formation is envisaged in higher-dimensionality QPM structures, i.e. 2D nonlinear photonic crystals (NLPCs), which have recently drawn increasing attention [4] .
In this contribution, we present the very first observation of quadratic spatial solitons in a 2D nonlinear photonic crystal. The experiments were performed in a (1+1)D structure, using a high-efficiency buried planar waveguide realized in hexagonally poled LiNbO 3 (HexLN), optimized for twin-beam Second Harmonic Generation (SHG) from l w~1 550 nm [5] . Several new features unique to 2D QPM configurations are apparent in these results.
The twin-beam SHG configuration
Details on device fabrication, its SHG efficiency and phase-matching properties can be found in Ref. [5] . Fig.1 summarizes QPM configurations for SHG for a) the asymmetric and b) the symmetric cases, which use the two lowest-order vectors G 10 and G 01 in the reciprocal lattice. [4] [5] The perfectly symmetric case (in which the angle q w between the propagation direction of the fundamental and the symmetry axis of the 2D NLPC is zero) is also frequency-degenerate: the two SHG processes, mediated by G 10 and G 01 , are quasi-phase-matched at the same frequency. If the symmetry is broken (q w "0) QPM will be achieved at two slightly different frequencies w 1 and w 2 . Each SHG process, if taken separately, would give rise to a 1D "walking" soliton [6] , which is indeed the case for our QPM scheme well far-off degeneracy (when the two SHG process are decoupled). On the other hand, the most intriguing configuration is to be expected as the two SHG QPM resonances get closer (i.e. moving towards the symmetric case, with w 1~w2 ) and solitary waves are formed due to the interplay between the FF pump and both SHG processes. Relevant parameters for the soliton dynamics are the fundamental (FF) input power and the QPM SHG phase-mismatches (Dk 1 and Dk 2 ).
The experiments
For the nonlinear investigations, the HexLN waveguide was mounted on a temperature-controlled stage and kept at temperatures close to 85 o C to avoid photorefractive damage. The pump propagation angle in the crystal (q w ) was adjusted by rotating it in the x,y plane. The source, tunable in the 1.1-1.6 mm range with linewidth Dn < 2 cm -1 , was an optical parametric amplifier pumped by a 10Hz frequency-doubled amplified Nd:YAG laser and internally seeded by an optical parametric oscillator. The pump pulses, 20 ps in duration, with a nearly Gaussian transverse profile, were spatially filtered, attenuated, polarized and focused at the waveguide input by a cylindrical telescope into an elliptic spot with waists w z = 3.4 mm and w y = 27.5 mm in the vertical and lateral directions, respectively. The sample length (18 mm) amounted to approximately five diffraction lengths. The relevant control parameters for the experiments are the FF wavelength (l w ), the pump power (P w ) and the incidence angle (q w ). Both SHG phase-mismatches, Dk 1 and Dk 2 , vary with l w ; their relative offset depends on the value of the FF incidence angle q w [with Dk 1 Dk 2 as q w 0]. Using a camera, we observed spatial localization and (2w  (2w2 2 2 2) ) ) ) The strength of the two SHG processes, which pull the FF beam on opposite sides (y<0, for l 1 and y>0, for l 2 ), changes with wavelength. Signatures of the twin-beam SHG action on the FF confinement and displacement are apparent in the graphs of Fig. 3 . As the FF wavelength varies, two regions of strong FF confinement occur which are associated to the SHG resonances at l 1 and l 2 (Fig. 3a) , respectively. In these spectral regions the output beam also acquires either a negative or a positive shift, depending on the dominant pulling action of either SH beams (Fig. 3b) . When moving towards degenerate SHG (q w 0), the two dips in Fig. 3a tend to merge and produce a single and broader dip where strong confinement is achieved. At the same time, the output displacement is significantly reduced (ideally to zero in the perfectly symmetric case).
In conclusion, we revealed the possibility to counterbalance linear diffraction via quadratic nonlinearities in a novel 2D configuration involving two concurrent SHG processes in a HexLN planar waveguide. These preliminary results exhibit intriguing features such as the existence of two spectral regions for beam confinement and oppositedisplacements controllable with input FF wavelength. These findings open up an excitingly rich scenario for quadratic solitons, exploiting the extra degrees of freedom afforded by two-dimensional nonlinear photonic crystals.
